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We construct the lattice AdS geometry. The lattice AdS2 geom-
etry and AdS3 geometry can be extended from the lattice AdS2
induced metric, which provided the lattice Schwarzian theory at
the classical limit. Then we use the lattice embedding coordinates
to rewrite the lattice AdS2 geometry and AdS3 geometry with the
manifest isometry. The lattice AdS2 geometry can be obtained from
the lattice AdS3 geometry through the compactification without
the lattice artifact. The lattice embedding coordinates can also be
used in the higher dimensional AdS geometry. Because the lattice
Schwarzian theory does not suffer from the issue of the continuum
limit, the lattice AdS2 geometry can be obtained from the higher
dimensional AdS geometry through the compactification, and the
lattice AdS metric does not depend on the angular coordinates, we
expect that the continuum limit should exist in the lattice Einstein
gravity theory from this geometric lattice AdS geometry. Finally,
we apply this lattice construction to construct the holographic ten-
sor network without the issue of continuum limit.
1. Introduction
Holographic principle [1] states that the physical degrees of freedom of quan-
tum gravity theory should be encoded on the boundary if phenomena related
to the quantum gravity theory do not always occur inside the black hole [2].
The holographic principle was suggested by the area law of black hole entropy
[3], which was found by generalizing the second law of ordinary thermody-
namics [4], which states that entropy does not decrease in a closed system.
The generalized second law of thermodynamics states that the sum of black
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2 Chen-Te Ma
hole entropy and environment entropy does not decrease in a closed sys-
tem. The coefficient of black hole entropy was first computed by using the
generalized second law of thermodynamics and assuming that the smallest
possible radius of one particle is equal to its Compton wavelength [5]. This
computation did not provide the correct result. The correct understanding
of black hole entropy after the four laws of black hole thermodynamics was
obtained [6], and the concepts of the Hawking temperature were proposed [7].
The holographic principle should be applied to the quantum gravity theory,
not only to the classical gravity theory. Therefore, the evidence of the holo-
graphic principle from the black hole entropy should not be enough. The ul-
traviolet (UV) complete theory, string theory, showed that the area of a phys-
ical system can be related to the string coupling constant [8], which is defined
by the dilaton field. This is the first evidence of the holographic principle
from the UV complete theory. The string theory describes one-dimensional
strings moving on the two-dimensional worldsheet. The fluctuation of tar-
get space provides the supergravity theory, which contains Einstein gravity
theory, and provides a duality web to connect low-energy ten-dimensional
theories. The concepts of duality web are also useful in the strongly corre-
lated system [9].
The solution of type IIB supergravity theory, five-dimensional anti-de Sit-
ter spacetime (AdS5) times the five-dimensional sphere, and its boundary
theory, the four-dimensional N=4 U(N) supersymmetric Yang-Mills the-
ory [10], where N is the number of supercharges [11], provides the conjec-
ture, a theory in the d-dimensional anti-de Sitter spacetime is dual to the
(d− 1)-dimensional conformal field theory (AdSd/CFTd−1 correspondence)
[11]. This conjecture also suggests that the infrared regulator of the bulk
AdS theory corresponds to the ultraviolet regulator of the boundary the-
ory, CFTd−1 [12]. Furthermore, the local symmetry in an AdS bulk theory
corresponds to the global symmetry in CFT [13]. This was also found from
the asymptotic symmetry of AdS3 spacetime, which is the two-dimensional
conformal group not SO(2, 2) [14]. This asymptotic symmetry was realized
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Lattice AdS Geometry and Continuum Limit 3
from the Poisson bracket algebra [14].
The recent concrete holographic study was found in the AdS2 dilaton grav-
ity theory [15], in which the theory is that a dilaton field is linearly coupled
to Einstein gravity theory with the Dirichlet boundary condition and the
negative cosmological constant [16]. The boundary theory of AdS2 dilaton
gravity theory, the Schwarzian term is linearly coupled to the dilaton field
or the Schwarzian theory, could be derived in the classical limit [17]. The
Schwarzian theory is also equivalent to the one-dimensional Liouville theory
[18]. The major consistency in this holographic study is that the solution of
the boundary dilaton field [19] could be obtained from the bulk and bound-
ary theories consistently [20]. The Schwarzian theory is not the conformal
field theory, but the AdS2 dilaton gravity theory could be obtained from the
AdS3 Einstein gravity theory through the compactification [21]. Therefore,
the holographic study in the AdS2 dilaton gravity theory should provide
strong evidence to the AdS/CFT correspondence.
The Schwarzian term can be built on the lattice. The lattice simulation of
this lattice theory was already studied through the Metropolis [22], which is a
numerical method and suffers from the ultralocal problem because one needs
to smoothly transform a configuration in a site for each updating without too
low acceptance in the numerical study. The lattice theory cannot have the
same symmetry as the isometry of the AdS2 metric because the perturba-
tion at the next non-trivial order of the lattice spacing breaks the symmetry
[23]. Therefore, ones reconstructed a lattice theory with the complex fields
and the same symmetry as the isometry of the AdS2 metric, and the lattice
perturbation could provide the consistent result to the action of discretized
AdS2 dilaton gravity theory up to the second order of lattice spacing or
boundary cut-off [23]. This lattice theory is called lattice Schwarzian theory
[23].
The non-trivial feature of lattice Schwarzian theory is that the manifest
SL(2) invariant measure comes from the lattice AdS2 induced metric [23],
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4 Chen-Te Ma
which provides the AdS2 induced metric at the non-trivial leading order with
respect to the lattice spacing [17]. The technical construction is similar to
the lattice Liouville model [24]. The central question that we would like to
address in this article is: Could we construct the lattice AdS geometry with
an exact isometry? In this Letter, we construct the lattice AdS geometry
without losing the isometry as in the lattice Schwarzian theory and define
the lattice embedding coordinates to rewrite the lattice AdS geometry with
the manifest isometry. This lattice embedding coordinates also provide the
coordinate transformations to the lattice AdS geometry without losing the
isometry. Finally, we also demonstrate that the lattice AdS2 geometry can be
exactly obtained from the lattice AdS3 geometry through the compactifica-
tion without any lattice artifact. The lattice Einstein gravity theory should
not be renormalizable when dimensions of spacetime are larger than two
so one cannot use the experiences from the renormalizable theory to un-
derstand. Our lattice construction provides the evidence to that the lattice
Einstein gravity theory in the AdS background, which is a weakly coupled
theory, should have the continuum limit, which is defined by the bare cut-off,
at the infrared (IR) limit, which is defined by the physical cut-off, from the
perturbative way.
The direct application of the lattice geometry is the holographic entan-
glement entropy [25], which state that the universal term of entanglement
entropy in the boundary conformal field theory is given by the codimension
two minimum surface at a given time slice in the bulk gravity theory. This
conjecture of this minimum surface was shown from the geometry with the
replica symmetry [26] in the bulk gravity theory [27]. This minimum surface
motivates the tensor network [28] by doing the renormalization group flow
in the real space through the identification between the minimum surface
and the minimum number of bonds [29]. The objects of the tensor network
are tensors forming a network, which provides a quantum state. One exam-
ple of the tensor network is the multi-scale entanglement renormalization
ansatz (MERA), which applies the lattice coarse-graining transformations
to remove the local entanglement in the real space. The MERA graph can
✐✐
“atmp” — 2019/4/4 — 0:32 — page 5 — #5
✐
✐
✐
✐
✐
✐
Lattice AdS Geometry and Continuum Limit 5
be seen as a lattice AdS space at a given time slice. The most subtle issue
is the continuum limit of lattice AdS geometry since the MERA graph is
topological. This continuum limit meets a no-go theorem [30]. In this letter,
we use the lattice AdS geometry to construct the tensor network without the
continuum limit problem. Hence our study can be seen as the first principle
of the holographic tensor network from the symmetry perspective.
2. Lattice AdS Geometry
We first construct the lattice AdS2 geometry and AdS3 geometry from the
lattice AdS2 induced metric [23]. Then we show that the lattice AdS geom-
etry can be rewritten in terms of the lattice embedding coordinates without
losing the isometry for each lattice spacing and size. We compactify the
angular direction in the lattice AdS3 geometry to obtain the lattice AdS2
geometry without suffering from the lattice artifact. Hence the lattice AdS
geometry without losing the isometry can be constructed from the lattice
embedding coordinates without restricting to the lattice AdS2 geometry and
AdS3 geometry.
2.1. Lattice AdS2 Geometry and AdS3 Geometry
The lattice AdS2 induced metric with the isometry for each lattice size and
spacing [23] was given by
h2l,j =
1
Λa2u
(f∗j+1 − f∗j−1)(fj+1 − fj−1)
(fj+1 − f∗j+1)(fj−1 − f∗j−1)
,(2.1)
where fj ≡ tj + izj , uj±1 ≡ uj ± au, Λ < 0 is the cosmological constant, the
coordinates t, z are defined in the bulk AdS2 geometry and are functions
of the boundary time u, and the au is the lattice spacing in the u di-
rection. The lattice sites in the u direction are labeled by the index j =
1, 2, · · · , n− 1, n, and the function f satisfies the periodic boundary
condition f0 = fn+1. The number of lattice points is denoted by n. Be-
cause the AdS2 spacetime interval is: ds
2
2 =
(− 1/Λ)(dt2 + dz2)/z2 = (−
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1
/(
Λz2
))
dx+dx−, where x+ ≡ t+ iz and x− ≡ t− iz, the lattice AdS2 space-
time interval can be written as:
(
∆s2l,j,k,m1,m2,m3,m4
)2
≡ 4
Λ
g∗j+m1,k+m2 − g∗j+m3,k+m4
gj+m1,k+m2 − g∗j+m1,k+m2
×gj+m1,k+m2 − gj+m3,k+m4
gj+m3,k+m4 − g∗j+m3.k+m4
≡ 2gl,+−,j,k,m1,m2,m3,m4
×(g∗j+m1,k+m2 − g∗j+m3,k+m4)
×(gj+m1,k+m2 − gj+m3,k+m4),
(2.2)
where gj,k ≡ tj + izk, tj±1 ≡ tj ± at, zk±1 ≡ zk ± az, and gl,+−,j,k,m1,m2,m3,m4 ≡(
2/Λ
)/(
(gj+m1,k+m2 − g∗j+m1,k+m2)(gj+m3,k+m4 − g∗j+m3.k+m4)
)
. The lattice
AdS2 spacetime interval has the similar form to the lattice AdS2 induced met-
ric so the lattice geometry still preserves the isometry for each lattice spacing
and size as in the AdS2 geometry. Because the lattice spacetime interval at
each point is defined by two adjacent lattice points, the lattice spacetime in-
terval depends on a choice of two adjacent lattice points. In other words, the
lattice spacetime interval at each point depends on relations between the co-
ordinate t and the coordinate z. One can choose m1,m2,m3,m4 = 1, 0, −1.
From the construction of the lattice AdS2 geometry, we can quickly ex-
tend the construction to the lattice AdS3 geometry without losing isome-
try for each lattice size and spacing. The lattice AdS3 induced metric at
a given time slice is defined by hxx,3l,j ≡
(
1
/(
Λa2x
))
(f∗j+1 − f∗j−1)(fj+1 −
fj−1)
/(
(fj+1 − f∗j+1)(fj−1 − f∗j−1)
)
, where fj ≡ xj + izj and xj±1 ≡ xj ± ax,
when the coordinate z is the function of the coordinate x. The function fj
does not necessary to satisfy the periodic boundary function. If one wants
to consider that the coordinate x is a function of the coordinate z, one only
needs to replace xj±1 = xj ± ax with zj±1 ≡ zj ± az and also replace a2x with
a2z in the lattice AdS3 induced metric at a given time slice. The AdS3 metric
✐✐
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Lattice AdS Geometry and Continuum Limit 7
is: ds23 = −
(
1/Λ
)(
dt2 + dx2 + dz2
)
/z2 = −(1/(Λz2))(dt2 + dy+dy−), where
y+ ≡ x+ iz and y− ≡ x− iz. Hence the lattice AdS3 spacetime interval can
be constructed as:
(
∆s3l,j,k,l,m1,m2,m3,m4,m5,m6
)2
≡ 4
Λ
(
tj+m1 − tj+m4
fk+m2,l+m3 − f∗k+m2,l+m3
× tj+m1 − tj+m4
fk+m5,l+m6 − f∗k+m5,l+m6
+
f∗k+m2,l+m3 − f∗k+m5,l+m6
fk+m2,l+m3 − f∗k+m2,l+m3
×fk+m2,l+m3 − fk+m5,l+m6
fk+m5,l+m6 − f∗k+m5,l+m6
)
≡ gl,tt,j,k,l,m3,m4,m5,m6(tj+m1 − tj+m4)(tj+m1 − tj+m4)
+2gl,+−,j,k,l,m3,m4,m5,m6
×(f∗k+m2,l+m3 − f∗k+m5,l+m6)
×(fk+m2,l+m3 − fk+m5,l+m6),(2.3)
✐✐
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where
gl,tt,j,k,l,m3,m4,m5,m6
≡ 4
Λ
× 1
fk+m2,l+m3 − f∗k+m2,l+m3
× 1
fk+m5,l+m6 − f∗k+m5,l+m6
,
gl,+−,j,k,l,m3,m4,m5,m6
≡ 2
Λ
× 1
fk+m2,l+m3 − f∗k+m2,l+m3
× 1
fk+m5,l+m6 − f∗k+m5,l+m6
,
fk,l
≡ xk + izl,
xk±1
≡ xk ± ax,
zl±1
≡ zl ± az,
tj±1
= tj ± at.(2.4)
2.2. Lattice Embedding Coordinates
We construct the lattice embedding coordinates in the lattice AdS2 geometry
and AdS3 geometry to demonstrate the manifest isometry for each lattice
spacing and size.
2.2.1. Lattice AdS2 Geometry. The lattice embedding coordinates of
the lattice AdS2 metric are defined by that −X21,j,k −X22,j,k +X23,j,k ≡ 1/Λ
for each index j and k. We can show the lattice AdS2 metric from these
✐✐
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Lattice AdS Geometry and Continuum Limit 9
lattice embedding coordinates:
−(X1,j+m1,k+m2 −X1,j+m3,k+m4)2
−(X2,j+m1,k+m2 −X2,j+m3,k+m4)2
+(X3,j+m1,k+m2 −X3,j+m3,k+m4)2
=
4
Λ
×g
∗
j+m1,k+m2
− g∗j+m3,k+m4
gj+m1,k+m2 − g∗j+m1,k+m2
× gj+m1,k+m2 − gj+m3,km4
gj+m3,k+m4 − g∗j+m3,k+m4
=
(
∆s2l,j,k,m1,m2,m3,m4
)2
,(2.5)
in which we used:
X1,j,k ≡
igj,kg
∗
j,k
gj,k − g∗j,k
−
i
Λ
gj,k − g∗j,k
,
X2,j,k ≡ 1√|Λ|
gj,k + g
∗
j,k
gj,k − g∗j,k
,
X3,j,k ≡
igj,kg
∗
j,k
gj,k − g∗j,k
+
i
Λ
gj,k − g∗j,k
.(2.6)
This shows that the lattice AdS2 geometry manifestly preserves the isometry
SO(2, 1) from the lattice embedding coordinates for each lattice spacing and
size.
2.2.2. Lattice AdS3 Geometry. The lattice embedding coordinates of
the lattice AdS3 metric are defined by−X21,j,k,l −X22,j,k,l +X23,j,k,l +X24,j,k,l ≡
✐✐
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1/Λ. The lattice AdS3 metric can be rewritten in terms of these lattice em-
bedding coordinates as the following:
−(X1,j+m1,k+m2,l+m3 −X1,j+m4,k+m5,l+m6)2
−(X2,j+m1,k+m2,l+m3 −X2,j+m4,k+m5,l+m6)2
+(X3,j+m1,k+m2,l+m3 −X3,j+m4,k+m5,l+m6)2
+(X4,j+m1,k+m2,l+m3 −X4,j+m4,k+m5,l+m6)2
=
4
Λ
(
tj+m1 − tj+m4
fk+m2,l+m3 − f∗k+m2,l+m3
× tj+m1 − tj+m4
fk+m5,l+m6 − f∗k+m5,l+m6
+
f∗k+m2,l+m3 − f∗k+m5,l+m6
fk+m2,l+m3 − f∗k+m2,l+m3
×fk+m2,l+m3 − fk+m5,l+m6
fk+m5,l+m6 − f∗k+m5,l+m6
)
=
(
∆s3l,j,k,l,m1,m2,m3,m4,m5,m6
)2
,(2.7)
in which we used:
X1,j,k,l = − 2√|Λ|
tj
fk,l − f∗k,l
,
X2,j,k,l = −i
1
Λ − t2j
fk,l − f∗k,l
+ i
fk,lf
∗
k,l
fk,l − f∗k,l
,
X3,j,k,l = − i√|Λ|
fk,l + f
∗
k,l
fk,l − f∗k,l
,
X4,j,k,l = i
fk,lf
∗
k,l
fk,l − f∗k,l
+ i
1
Λ + t
2
j
fk,l − f∗k,l
.(2.8)
This lattice embedding coordinates also manifestly demonstrates the isome-
try SO(2,2) in the lattice AdS3 geometry.
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Lattice AdS Geometry and Continuum Limit 11
2.3. Compactification
We can also choose the lattice embedding coordinates:
X1,j,k,l =
1√|Λ| cosh(ρj,k,l) cos(iτj,k,l),
X2,j,k,l =
1√|Λ| cosh(ρj,k,l) sin(iτj,k,l),
X3,j,k,l =
1√|Λ| sinh(ρj,k,l) sin(θj,k,l),
X4,j,k,l =
1√|Λ| sinh(ρj,k,l) cos(θj,k,l),(2.9)
where ρj,k,l > 0, 0 ≤ τj,k,l < 2π and 0 ≤ θj,k,l < 2π, in the lattice AdS3 met-
ric. Therefore, we obtain the lattice AdS3 spacetime interval
(
∆s3l,j,k,l,m1,m2,m3,m4,m5,m6
)2
=
2
Λ
+
2
Λ
(
− cosh(ρj+m1,k+m2,l+m3)
× cosh(ρj+m4,k+m5,l+m6)
× cos (i(τj+m1,k+m2,l+m3 − τj+m4,k+m5,l+m6))
+sinh(ρj+m1,k+m2,l+m3) sinh(ρj+m4,k+m5,l+m6)
× cos(θj+m1,k+m2,l+m3 − θj+m4,k+m5,l+m6)
)
.(2.10)
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When we compactify the θ direction, we obtain the lattice spacetime interval
[21]:
(
∆s2l,j,k,l,m1,m2,m3,m4,m5,m6
)2
=
2
Λ
+
2
Λ
(
− cosh(ρj+m1,k+m2,l+m3)
× cosh(ρj+m4,k+m5,l+m6)
× cos (i(τj+m1,k+m2,l+m3 − τj+m4,k+m5,l+m6))
+sinh(ρj+m1,k+m2,l+m3) sinh(ρj+m4,k+m5,l+m6)
)
(2.11)
and the lattice dilaton field
φj,k,l,m1,m2,m3,m4,m5,m6
=
1√|Λ|
×
√
| sinh(ρj+m1,k+m2,l+m3) sinh(ρj+m4,k+m5,l+m6)|.
(2.12)
The lattice spacetime interval
(
∆s2l,j,k,l,m1,m2,m3,m4,m5,m6
)2
can also be rewrit-
ten in terms of the lattice embedding coordinates with the manifest isometry
SO(2, 1) without suffering from the lattice artifact. Hence we obtain the lat-
tice AdS2 spacetime interval from the lattice AdS3 spacetime interval through
the compactification for each lattice spacing and size.
Although we only wrote the construction of the lattice AdS2 geometry
and AdS3 geometry, the generalization should be straightforward from the
lattice embedding coordinates.
3. Application to Tensor Network
We first calculate the codimension two AdS3 minimum surfaces at a given
time slice from the perturbation with respect to the lattice spacing. This
✐✐
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Lattice AdS Geometry and Continuum Limit 13
provides a well-defined perturbation limit around the minimum surface on
a lattice, and then we use the minimum surface to discuss the holographic
tensor network [29].
3.1. AdS3 Minimum Surface
The lattice area AAdS3l is given by
AAdS3l =
1√−Λ
nA∑
j=1
(
(f∗j+1 − f∗j−1)(fj+1 − fj−1)
(f∗j+1 − fj+1)(fj−1 − f∗j−1)
) 1
2
,
(3.1)
where nA is a number of lattice points in the lattice area A. This lattice area
is invariant under the isometry of AdS3 metric for each finite lattice spacing
and size.
We solve the minimum surface equation δAAdS3l/δzj through the pertur-
bation z = z0 + a
2
xz2 + · · · . The solution z(x) up to the second order of lat-
tice spacing satisfies
(
z′′/z + 1/z2 + z′2/z2
)
/(1 + z′2)
3
2 = 2a2xz
−7
0 Lx
2 + · · · ,
where −L < x < L.
The perturbative solution z(x) can be solved exactly
z
=
√
L2 − x2
(
1 + a2x
L3(L2+x2)
(L2−x2)2 − 3x tanh−1
(
x
L
)− L
24L(L2 − x2)
)
+ · · · .(3.2)
If one puts the cut-off δ, which satisfies δ2/L2 ≪ 1, to the interval as x =
L− δ, where δ, one can find that
a2x
12L
L3(L2 + x2)
(L2 − x2)2 =
a2x
12
(
1 + x
2
L2
)
(
1− x2
L2
)2 = a2xδ2 L
2
24
+ · · · .
(3.3)
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This should imply that the perturbation study should require the limit
a2x/δ
2 ≪ 1. If one choose ǫ ≡ z(L− δ), one should obtain ǫ = √2δL
(
1 +
a2xL/(96δ
3) + · · ·
)
. Hence ones should require the other limit a2xL/δ
3 ≪ 1
to do the perturbation to study the center charge [25] on the lattice. These
limits show that the cut-off on the interval δ cannot be at the same order
of lattice spacing ax . If one only wants to do the perturbation to get the
minimum surface, we only require the limits, δ2/L2 ≪ 1 and a2x/δ2 ≪ 1. The
remaining limit, a2xL/δ
3 ≪ 1, helps us to obtain the lattice correction to the
universal term [25]. Using the lattice perturbation to construct the tensor
network in AdS3 background also requires the limit to obtain a consistent
study.
3.2. Holographic Tensor Network
Without meeting the problem of continuum limit [30], we use the different
identification between the lattice AdS3 geometry and tensor network. Here
we only consider the leading result but still follows the same limit as in the
lattice perturbation.
We first consider a horizontal line, zj = z0 for each j, in the AdS3 metric.
Thus, the length of the horizontal line is:
|γAdS31| =
1√−Λ
2(L− δ)
z0
,(3.4)
in which we define that the total length of the horizontal line is 2(L− δ).
Then we define that the the length of the horizontal line in the tensor network
|γts1|
= L1 · (the number of bonds in the horizontal line),
(3.5)
✐✐
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Lattice AdS Geometry and Continuum Limit 15
in which we assumed
(the number of bonds in the horizontal line)
≡ 1
ax
√−Λ
2(L− δ)
z0
,(3.6)
z0 = ǫ is the cut-off of z, and L1 is a horizontal proper length for each bond.
We assume that |γAdS31| = |γts1|, and then we obtain L1 = ax. If one con-
siders the continuum limit ax → 0, one obtains L1 → 0, and a number of
bounds in the horizontal line should go to infinity.
Now we discuss the renormalization group flow. The renormalization
group flow begins from the boundary point z0 = ǫ to the bulk point, zm =
kmǫ, where k ≡ 1 + ǫ, and m is a positive integer, in the tensor network.
Because we only study the leading order correction of lattice spacing ax, we
have δ = L−√L2 − ǫ2 + · · · .
Naively, the operation of renormalization group flow needs the number
of steps
2 logk
(
1
ax
√−Λ
2(L− δ)
ǫ
)
= 2 logk
(
1
ax
√−Λ
2L
ǫ
)
+ · · · .
(3.7)
Indeed, this number of operation is strange. When we only consider that the
length of interval shrinks to zero, the number of operation should vanish,
but the number of operation that we defined can always be infinity under
the continuum limit ax → 0. Therefore, we consider the number of operation
from the length 2L to the length ǫ, 2 logk(2L/ǫ). We relate this number of
operation to the number of bonds in the geodesic line
(the number of bonds in the geodesic line)
≡ 2 logk
(
2L
ǫ
)
.(3.8)
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The length of the geodesic line in the tensor network should be defined by:
|γts2| ≡ L2 · (a number of bouds in the geodesic line)
≡ 2L2 logk
(
2L
ǫ
)
,(3.9)
where L2 is a vertical proper length of the bonds in the tensor network.
The length of a geodesic line in AdS3 metric is
|γAdS32| = 2
√
− 1
Λ
ln
2L
ǫ
+ · · · .(3.10)
If we assume |γts2| = |γAdS32|, we obtain L2 = (ln k)/
√−Λ. When we take
the limit ǫ→ 0, we obtain k → 1. Therefore, we get L2 → 0. The above
identification between the tensor network and lattice geometry provides the
continuum limit to the tensor network.
4. Outlook
We constructed the lattice AdS geometry without losing the isometry. Be-
cause the lattice AdS2 induced metric provided the lattice Schwarzian theory
at the classical limit [23], which has the continuum description, and the lat-
tice AdS2 geometry can be obtained from the higher dimensional lattice AdS
geometry through the compactification without suffering from the lattice ar-
tifact, and the lattice AdS metric does not depend on the angular variables,
we conclude that the lattice Einstein gravity theory in the lattice AdS back-
ground should have the continuum limit at the IR limit. From the lattice
embedding coordinates, it is easy to give the Lorentzian lattice AdS metric
without restricting to a study of the Euclidean lattice AdS metric. We can
only take the continuum limit in the time direction without the continu-
ous space and apply the study to the Hamiltonian formulation on a lattice.
It should be interesting to study the application of tensor network in the
holographic renormalization group flow [29] and the lattice correction in the
holographic study [2]. The lattice construction also has generic applications
because the construction is not restricted to the lattice AdS background,
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and the construction can be extended to other lattice backgrounds with an
isometry.
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